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Quantum control of mesoscopic objects requires to manipulate the quantum state faster than any
decoherence rate. An important milestone towards this regime is the so-called strong coupling
regime. In cavity optomechanics, strong coupling is synonymous with the optomechanical coupling
rate being larger than the cavity decay rate and the mechanical damping. For mesoscopic systems
this has so far only been reached by a few cryogenic systems. Here, we demonstrate the strong
coupling regime at room temperature by observing the normal mode splitting between a levitated
silica particle and an optical high finesse cavity. This is achieved by employing coherent scattering,
instead of the usually used radiation pressure coupling. The coupling strength achieved here ap-
proaches three times the cavity linewidth. Entering the strong coupling regime is an essential step
towards quantum control with mesoscopic objects at room temperature.
Laser cooling has revolutionised our understanding
of atoms, ions and molecules. Lately, after a decade
of experimental and theoretical efforts employing the
same techniques [1–8], the motional ground state of
levitated silica nanoparticles at room temperature
has been announced [9]. While this represents an
important milestone towards the creation of meso-
scopic quantum objects, coherent quantum control of
levitated nanoparticles [10, 11], as needed for quantum
information processing, still remains elusive.
For controlled quantum experiments, such as the
preparation of non-classical, squeezed [12, 13] or
entangled states [14, 15], the particle’s state needs
to be manipulated faster than the absorption of one
phonon from the environment. A less stringent regime
is the so-called strong coupling regime (SCR), where
the optomechanical coupling exceeds the mechanical
damping and the cavity linewidth (gi  Γm, κ),
presenting the first requirement towards full quantum
control. The SCR has been demonstrated in opto- and
electromechanical systems [16–18] and only recently
followed by quantum-coherent control [19].
Here, we demonstrate, for the first time to our knowl-
edge, SCR with levitated nanoparticles. We employ
coherent scattering [8, 20–22], in contrast to the usual
radiation pressure approach. Our table top experiment
excels with numerous ways to tune the optomechanical
coupling strength at room temperature, a working
regime that is nearly exclusive to plasmonic nanocavi-
ties [23, 24].
We observe the normal mode splitting (NMS) into
hybridised eigenmodes as a manifestation of the SCR
[25], as originally reported in atoms [26]
Levitated particles excel with their high isolation from
the environment among the plethora of optomechanical
systems.This makes them attractive tools for inertial
sensing [27], rotational dynamics [28–31], free fall ex-
periments [32], exploration of dynamic potentials [33],
and are envisioned for testing macroscopic quantum
phenomena at room temperature [2, 10, 34, 35].
Recently, the centre-of-mass motion of a levitated par-
ticle has successfully been 3D cooled employing CS
[8, 22]. Cooling with CS is less sensitive to phase noise
heating than radiation pressure cooling [7, 36], because
optimal coupling takes place at the intensity node. This
has enabled motional ground state cooling [9]. Here,
we employ CS to enter SCR with levitated nanoparti-
cles with remarkable coupling rates and the potential
to reach quantum coherent control at a room tempera-
ture.
Our experimental setup is displayed in Fig.1. A sil-
ica nanoparticle (green) of radius R ≈ 90nm, mass
m = 6.4 × 10−18kg and refractive index nr = 1.45 is
placed in a cavity (purple) by an optical tweezers trap
(yellow) with wavelength λt = 2pi/kt = 1064 nm, power
Pt ' 150 mW, numerical aperture NA = 0.8, and op-
tical axis (z) perpendicular to the cavity axis (y). The
trap polarisation axis is defined as ~θ = ~x cos θ (see
inset in Fig.1).
The nanoparticle’s eigenfrequencies Ωx,y,z = 2pi ×
(172kHz, 197kHz, 56kHz) are non-degenerate due to
tight focusing. The trap is mounted on a nano-
positioning stage allowing for precise 3D placement of
the particle inside the high finesse Fabry-Pérot cavity
with a cavity linewidth κ ≈ 2pi × 10kHz, cavity finesse
F = 5.4×105 and free spectral range ∆ωFSR = pic/Lc =
2pi × 5.4GHz. The relative detuning ∆ = ωt − ωc be-
tween the trap and the cavity resonance is tunable. The
intracavity photon number ncav is estimated from the
transmitted cavity power Pout (CO in Fig.1), and the
particle position displacement is measured with bal-
anced detection of the forward-scattered light (for more
details see Supplementary A).
In contrast to the radiation pressure technique [3, 7, 36],
where the cavity is actively pumped, CS populates the
cavity field through scattering events from the detuned
trapping field which is locked to the cavity. A particle
in free space, solely interacting with the trapping light,
Raman scatters photons into free space and the energy
difference between incident and emitted light equals
±~Ωm. In this case photon up and down conversion
are equally probable. The presence of an optical cav-
ity alters the density states of electromagnetic modes
and enhances the CS into the cavity modes through
the Purcell effect. If trap photons are red (blue) de-
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2Figure 1. Experimental setup: An optical tweezers trap (yel-
low) levitates a silica nanoparticle inside a high finesse cavity.
The trapping field is locked relatively to the cavity resonance ωcav
using Pound-Drever-Hall locking with a detuning ∆ = ωt−ωcav .
A 3D piezo stage positions the particle precisely inside the cav-
ity. The inset displays the linear trap polarisation axis along
~θ = ~x cos θ. The rate of coherently scattered photons into the
cavity mode (purple) depends on y0, θ, and ∆. The transmit-
ted cavity output field is monitored on a photodiode (CO) and
the forward scattered trapping light is used to detect the particle
motion (see SupplementaryA).
tuned with respect to the cavity resonance, the cavity
enhances photon up (down) conversion and net cooling
(heating) takes place.
In order to estimate the corresponding optomechanical
coupling strength in CS, we follow [21]. The interaction
Hamiltonian for a polarizable particle interacting with
an electric field Eˆ(Rˆ) is given by Hˆint = − 12αEˆ2(Rˆ)
with the particle polarizability α = 4pi0R3 n
2
r−1
n2r+2
and
vacuum permittivity 0. The total electric field con-
sists of the trap, cavity and free space electromagnetic
modes yielding the interaction Hamiltonian
Hˆint = −12α
[
Eˆtr(Rˆ) + Eˆcav (Rˆ) + Eˆfree(Rˆ)
]2
(1)
≈ HˆCS + HˆRP + HˆCAV (2)
where Eˆcav (Rˆ) and Eˆfree(Rˆ) are only populated by
scattering events from the particle (ntrap  ncav). As
can be seen from Eq. 1, the interaction Hamiltonian
consists of six terms of which only the two terms pro-
portional Eˆtr(Rˆ)Eˆcav (Rˆ) and Eˆcav (Rˆ)2 are relevant for
the following discussion [21]. The former one gives rise
to the optomechanical coupling by CS, and the latter to
the coupling in the common radiation pressure regime,
respectively. The term ∝ Eˆtr2(Rˆ) gives rise to the
trapping potential, while the term ∝ Eˆtr(Rˆ)Eˆfree(Rˆ)
causes recoil heating [21, 37], which can be neglected for
the moderate vacuum conditions presented here [7, 37].
The remaining two terms can be safely neglected ac-
cording to [21].
In the following, we use the simplified interaction
Hamiltonian given by Eq.2 where we separate the parts
contributing to the optomechanical coupling due to CS
HˆCS, radiation pressure HˆRP, and population of the in-
tracavity field HˆCAV (see Supplementary B).
For the measurements presented here, the trap is x-
polarised with θ = 0 (see inset Fig.1). This simpli-
fies HˆCS to HˆCS = −~[gy(aˆ† + aˆ)(bˆy† + bˆy) + gz(aˆ† −
aˆ)(bˆz
† + bˆz)] where aˆ (aˆ†) is the photon annihilation
(creation) operator and bˆ (bˆ†) is the phonon annihila-
tion (creation) operator. The CS optomechanical cou-
pling strengths gy,z are[
gy
gz
]
= 12
[
G⊥ kc yzpf sinφ
−i G⊥ kt zzpf cosφ
]
(3)
with cavity wavevector kc = 2pi/λc, zero-point fluctua-
tions xzpf, yzpf =
√
~
2m Ωy,z and φ = 2piy0/λc, with y0
being the particle position along the cavity axis.
The resonance frequency shift caused by a particle
located at maximum intensity of the intracavity
standing wave is G⊥ = αE0
√
ωc
2~0Vc with cavity mode
volume Vc = piw2cLc/4, cavity waist wc, cavity length
Lc, and ωc = 2pic/λc. The trap electric field E0 is
E0 =
√
4Pt
pi0cwxwy with trap waists wx and wy.
Due to the intracavity standing wave, the optome-
chanical coupling strength has a sinusoidal dependence
on y0 with opposite phase for gy and gz. In contrast,
gx = 0 if θ = 0.
The maximum expected coupling strength from CS is
gy,x max = G⊥kc,t yzpf = 2pi × 31.7kHz for our parame-
ters. However, we displace the particle by δz ≈ 12µm
from the cavity centre for better experimental stability.
Hence, our expected optomechanical coupling strength
is reduced by ≈ 30% down to gy th = 2pi × 22.4kHz,
enabling the SCR with gy  κ.
In comparison, the single photon optomechani-
cal coupling strength due to radiation pressure is
grpy = αωc20Vc kcyzpf sin (2φ) = 2pi×0.05Hz sin (2φ). Thisvalue is enhanced by the intracavity photon number
ncav = 1.6 × 108. At optimal conditions, we achieve
grpy
√
nc = 2pi × 0.6kHz. Thus, the optomechanical
coupling strength is about 40× larger for CS than
for RP, since the photons contributing to the CS
interaction are confined in a much smaller volume due
to the much smaller trap waist wt · wc  w2c .
In the SCR the usual Lorentzian shaped susceptibility
χ of our harmonic oscillator (see Eq.B1) changes into a
double peak [25], corresponding to two new eigenmodes
due to the hybridization of the optical and the mechan-
ical mode. The hybridized eigenmode frequencies
Ω± = Ωm − Ωm + ∆2 ±
√
g2y +
(
Ωm + ∆
2
)2
(4)
experience an avoided crossing, the so-called NMS,
which reaches a maximum of Ω+ − Ω− = 2gy at
the optimal detuning ∆ = −Ωm. The linewidth of
the hybrid modes at this detuning is (κ + Γm)/2.
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Figure 2. Normal Mode Splitting: Particle’s position
PSD(Ω) versus ∆ for different y0 and therefore various gy . Ex-
perimental data is displayed on the left, and theory on the
right. The bare mechanical (optical) modes correspond to hor-
izontal (diagonal) lines. Maximum NMS of 2gy is observed at
∆ = −Ωm yielding a value of (a) gy = 2pi × 22.8kHz = 2.3κ,
where y0 is close to the intensity minimum at φ = 0.54pi (see
Eq.3). (b) At δy0 ≈ 125nm, corresponding to φ ≈ 0.3pi, the
coupling reduces to gy = 2pi × 15.4kHz = 1.5κ. (c) NMS is
still visible at δy0 ≈ 205nm, corresponding to φ ≈ 0.15pi, yield-
ing gy = 2pi × 4.6kHz = 0.46κ. (d) At the intensity maximum
δy0 ≈ 287nm ≈ λ/4 and gy = 0kHz the NMS vanishes and we
only see a shift of δΩm ≈ 2pi×5kHz in the mechanical frequency
due to the increased intracavity photon number (see Fig.6). In
general we observe a good agreement between experimental data
and theory. We attribute discrepancies to a second cross po-
larised cavity mode inducing a second NMS (for more details see
SupplementaryC).
Therefore, Γm needs to be smaller or comparable to κ
to resolve the NMS of 2gy.
As can be seen from Eq.3, we control gy through various
parameters like the trap power Pt, the particle position
y0 and the polarisation angle θ. The optical coupling
rate Γopt depends additionally on the trap detuning ∆
and is maximised at ∆ = −Ωm to Γopt = 4g2y/κ [7, 38].
While Pt and ∆ only influence the magnitude of the
c)  Δ = -1 Ωm Δ = -1.2 Ωm Δ = -1.5 Ωma) b)
d)
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Figure 3. PSD versus cavity detuning ∆ (a-c) Experiment
(purple) and theory (yellow, dashed) fitted to Eq.B1 at (a) ∆ =
−2pi×293kHz ≈ −1.5Ωm, (c) ∆ = −2pi×225kHz ≈ −1.2Ωm, and
(d)∆ = −2pi × 205kHz ≈ −Ωm. The optomechanical coupling
strength gy grows with increasing ∆. Optical and mechanical
modes start to hybridise clearly at ∆ ≥ −1.5Ωm. We attribute
the discrepancy between data and theory to the second optical
mode (see SupplementaryC). (e) Hybridised eigenmodes Ω± ver-
sus ∆ at the intensity minimum corresponding to φ = 0.54pi.
Maximum NMS of 2gy with gy = 2pi× 22.8kHz = 2.3κ occurs at
∆ = −Ωm. The black line fits the data to Eq.4 and the inner
(outer) edge of the grey area are fits solely to the upper (lower)
branch.
coupling strength, y0 and θ change also the nature of
the coupling from 1D to possibly 3D [21]. For sim-
plicity, we focus on varying ∆ and y0 in the following
measurements and keep Pt, θ, and Γm = 2pi × 0.8kHz,
corresponding to p = 1.4mBar, fixed (see Supplemen-
taryA). For clarity, we limit the discussion to coupling
along the cavity axis (y), such that Ωm = Ωy, despite
that our setup allows for high control of all the afore-
mentioned parameters.
Fig.2 left panel displays the experimental position
power spectral density (PSD) versus ∆ for different
y0. We cover a total distance of δy0 = 287nm ≈ λc/4
and change the optomechanical coupling strength from
(a) gy/2pi = 22.8kHz, (b) 15.4kHz, (c) 4.6kHz and (d)
0kHz, exploring the entire range from strong coupling
to zero coupling. The right panel shows the theoretical
fit to Eq.B1, which is in good agreement with the
data. We observe two new eigenmodes at Ω± with
the largest splitting of 2gy occurring at ∆ = −Ωm,
once the systems enters the SCR at g > κ/4 [25].
The NMS reduces with decreasing optomechanical
coupling gy until it vanishes completely and we observe
only the mechanical mode with slightly increased
frequency Ωm = 2pi × 200kHz due to the additional
trapping potential supplied by the cavity field (see
Fig.2(d)). The maximum NMS achieves an exceptional
value of 2gy ≈ 4.6κ corresponding to 20% of the bare
mechanical eigenfrequency.
In Fig.2(a) and (b) we observe an additional NMS
in the y-mode, which stems from a second cross
polarised optical mode. Note that, throughout all our
measurements (see Fig.2-4), the second NMS is the
largest source for discrepancies between experiment
4a) b) Δ = - Ωm
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Figure 4. Normal Mode Splitting versus particle position
y0: (a) Experiment and (b) theory according to Eq.B1. PSD(Ω)
at the optimal ∆ = −2pi×193kHz ≈ −Ωm along y0 is shown. The
hybridised modes split by 2gy . The white dashed line displays
Ω±/Ωm = 1 ± gy/Ωm where gy follows Eq.3. The mechanical
mode at Ω/Ωm ≈ 0.89 corresponds to the mechanical x−mode.
The data and fit show very good agreement. (c) |gy | at ∆ ≈ −Ωm
versus y0. Maximum and minimum coupling are separated by
δy0 = λ/4 as expected by Eq.3. Black dashed line fits to the
absolute value of Eq.3 with a maximum gy max ≈ −2.3κ and the
grey shaded area corresponds to 3σstd of the fit. The dotted lines
indicate the positions used in Fig.2.
and theory (for more details see SupplementaryC). We
also attribute the NMS of the x-mode at Ω/Ωm = 0.89
to the second optical mode, since the x-mode should
be decoupled from the first mode (gx = 0 if θ = 0).
Fig.3(a)-(c) displays the partilce’s PSD at different
∆ while it is located at the intensity minimum,
corresponding to the position of maximum coupling
gy = 2.3κ displayed in Fig.2(a). Our theory (Eq.B1,
yellow) captures the data (purple) well. In Fig.3(a)
the optical mode and mechancial mode begin to
hybridise into new eigenmodes at ∆ = −1.5Ωm
which is confirmed by a second peak appearing at
Ω ≈ 2pi× 300kHz. The hybridization becomes stronger
as ∆ approaches the cavity resonance and the NMS
maximises at ∆ ≈ −Ωm as shown in Fig.3(c). The
dependence of the new eigenmodes Ω± on ∆ is shown
in Fig.3(d), displaying clearly the expected avoided
crossing of 2gy. The solid line is a fit to Eq.4, where
the inner edges of the shaded areas represent a fit to
only the upper (yellow) branch and the outer edges a
fit to the lower branch (purple), respectively.
Fig.4 summarizes the position dependence of gy at op-
timal ∆ ≈ −Ωm extracted from the data Fig.2(a)-(d).
The experimental and theoretical PSDs versus y0 are
depicted in Fig.4(a) and (b), where theoretical values
are obtained by fitting the data to Eq.B1. The mode
at Ω/Ωm ≈ 0.89 corresponds to the decoupled x-mode.
The dashed line highlights the theoretical frequency
of the eigenmodes Ω±/Ωm following Eq.4. In both
experiment and theory we observe the expected sinu-
soidal behaviour predicted by Eq.3. Fig.4(c) depicts
|gy| = (Ω+ − Ω−)/2 (circles) extracted from Fig.4(a).
The dashed line represents the fit to the absolute
value of Eq.3 yielding gy exp = 2pi × (22.8 ± 0.2)kHz
which coincides well with the theoretical value of
gy th = 2pi × 22.4kHz. The measured period coincides
with the expected period of λ/4. The shaded area
corresponds to 3σstd of the fit.
Finally, in order to verify the position of maximum
and minimum intensity inside the cavity, we estimate
the intracavity power from the transmitted cavity light
depicted in Fig.6 (for more details see Supplementary
D).
A common figure of merit to assess the poten-
tial of our system for quantum applications is
the quantum cooperativity, which yields here
CCS = 4g2ymax/(κΓm(nth + 1)) = 8 × 10−6 at a
pressure p = 1.4mbar and promises a value as large
as CCS ≈ 36 at p = 3 × 10−7mbar, since Γm ∝ p.
This value is many orders of magnitude larger than
what has been achieved in levitation setups using
radiation pressure coupling [7, 36]. More importantly
it enables coherent quantum control at g  κ,Γm · nth
at pressure levels p ≤ 10−6mbar, a pressure regime
commonly demonstrated in numerous levitation ex-
periments. Furthermore, our experimental parameters
promise the possibility of motional ground state
cooling in our system [9], which in combination with
coherent quantum control enables us to fully enter the
quantum regime with levitated systems and to create
non-classical states of motion and superposition states
of macroscopic objects in free fall experiments [10, 11]
in the future.
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6Appendix A: Experimental Setup
Figure 5. Extended experimental setup (a) A 1064nm
Mephisto laser (yellow) traps a silica particle of d = 177nm in-
side a high finesse cavity (purple). The trap light is locked at
a variable detuning ∆ + FSR from the cavity resonance via the
Pound-Drever-Hall technique by detecting the error signal on a
photodiode (PDH). The particle motion is detected in backreflec-
tion (BR) and balanced forward detection (FS). The intracavity
field is estimated from the transmitted power detected on a pho-
todiode (CO).
The experimental setup is displayed in Fig.5. A silica
nanoparticle is loaded at ambient pressure into a long
range single beam trap and transferred to a more
stable, short range optical tweezers trap [39] (with
wavelength λ = 1064 nm, power P ' 150 mW, focusing
lens NA = 0.8) inside a vacuum chamber. Due to the
tight focusing the nanoparticle non-degenerate eigen-
frequencies are Ωx,y,z = 2pi × (172kHz, 197kHz, 56kHz)
respectively. The optical tweezers are mounted on a 3D
nanometer resolution piezo system allowing for precise
3D positioning inside a high finesse Fabry-Pérot cavity
(with cavity finesse F = 540000, free spectral range
FSR = 2pi × 5.4GHz).
In order to control the detuning ∆ = ωt − ωc between
the cavity resonance ωc and the trap field ωt, we use a
weak cavity field for locking the cavity via the Pound-
Drever-Hall technique (PDH) on the TEM01 mode min-
imising additional heating effects through the photon
recoil heating of the cavity lock field. The PDH er-
rorsignal acts on the internal laser piezo and an external
AOM (not shown). We separate lock and trap light in
frequency space by one free spectral range (FSR) such
that the total detuning between lock and trap yields
ωt = ω − FSR − ∆. The variable EOM modulation
FSR + ∆ is provided by a signal generator. The in-
tracavity power can be deduced from the transmitted
cooling light observed on a photo diode behind the cav-
ity (CO).
All particle information shown is gained in forward bal-
anced detection interfering the scattered light field and
the non-interacting part of the trap beam as shown in
Fig.5. The highly divergent trap light is collected using
a lens (NA = 0.8). We use three balanced detectors
(FS) to monitor the oscillation of the particle in all
three degrees of freedom.
The data time traces are acquired at 1MHz acquisition
rate. Each PSD is obtained by averaging over N = 25
samples of which each one is calculated from individual
40ms time traces, corresponding to a total measure-
ment time of t = 1s.
We keep the pressure stable at p = 1.4mbar. The ther-
mal bath couples as
Γm =
kBT
~Qmnth
= 15.8 r
2p
mvgas
(A1)
where Qm = Ωm/Γm is the mechanical quality
factor, nth = kBT~Ωm the thermal occupation number, rthe particle radius, p the surrounding gas pressure and
vgas =
√
3kBT/mgas.
Appendix B: Interaction Hamiltonian and Power
spectral densities
Following [21], the relevant contributions to the CS in-
teraction Hamiltonian for θ = 0 are given by
HˆCS
~
= −gy(aˆ† + aˆ)(bˆy† + bˆy)− gz(aˆ† − aˆ)(bˆz† + bˆz)
HˆRP
~
= −grpy aˆ†aˆ (bˆy
† + bˆy)
HˆCAV
~
= −G⊥2 ( aˆ
† + aˆ) cosφ
The mechanical susceptibility χ is given as [25]
χ−1(Ω) = m[Ω2m + 2Ω δΩm(Ω)− Ω2 − iΩΓeff(Ω)] (B1)
Γeff(Ω) = Γm + Γopt(Ω)
δΩm(Ω) = g2y
Ωm
Ω
[
∆ + Ω
(∆ + Ω)2 + κ2/4 +
∆− Ω
(∆− Ω)2 + κ2/4
]
Γopt(Ω) = g2y
Ωm
Ω
[
κ
(∆ + Ω)2 + κ2/4 −
κ
(∆− Ω)2 + κ2/4
]
with the effective (optical) damping Γeff (Γopt) and
the optomechanical spring effect δΩm. We fit the three
mechanical modes Ωx,y,z to Eq.B1 where gy, κ, Γm and
the relative mode amplitudes are chosen as free fit pa-
rameters.
Appendix C: Multimode Coupling
In Fig.2(a) and (b) an additional NMS at
∆ = −Ωm − 2pi × 34kHz is observed. We attribute
7this to a second cross polarised cavity mode. The
frequency difference in between these optical modes
has been measured independently to δ∆ = 2pi×34kHz,
which corresponds exactly to the shift observed in the
data here. The presence of the second optical mode
is experimentally unavoidable due to the high finesse
character of the cavity.
In [21] the contribution of photons polarised along z
was neglected (Gz = 0), since the trap has nominally
no polarisation component along this axis. Due to
tight focusing as done here, this assumption breaks
down and Gz 6= 0.
Our claim is supported by the observation of an unex-
pected NMS in the x-mode (gx 6= 0) at Ω/Ωm = 0.89
as observed in Fig.2, despite the expected gx = 0
for θ = 0. We exclude that this effect stems from
polarisation contributions ~y 6= 0 due to the observed
magnitude of gx.
The presence of a second optical mode with Gz 6= 0
gives rise to an optomechanical coupling, so far
neglected in experiments and theory. The presence of
several mechanical and optical modes simultaneously
interacting through the cavity enables the study of
interesting multimode effects in the future like dark
modes [40], mechanical synchronisation effects [41],
and entanglement [14, 15].
Appendix D: Cavity Readout
Figure 6. Transmitted Cavity Power (a) versus ∆ and (b)
versus y0
The intracavity field is estimated from the transmit-
ted cavity light (CO in Fig.1) and the measured absorp-
tion, transmission and reflection of the cavity mirrors.
The intracavity power versus ∆ is depicted in Fig.6(a).
When y0 is close to the intensity maximum (gy = 0),
the transmitted power is maximal and we see the ex-
pected increase in intensity with increasing ∆ follow-
ing the usual Lorentzian lineshape. In contrast, at the
intensity minimum (gy = 2.3κ), the transmission van-
ishes independently of ∆. Fig.6(b) displays the position
dependence of the intracavity power along the cavity
axis for optimal detuning ∆ = −Ωm. The intracavity
power follows a sinusoidal shape, where the intensity
maximum coincides with positions where gy = 0 and
the intensity minimum with gy = 2.3 respectively.
Appendix E: Particle Solution Preparation
With the help of a commercial nebulizer we produce
microsized droplets of an ethanol-nanoparticle solution.
We work with nanoparticles of diameter d = 177nm. In
order to avoid the creation of clusters, we mix a solution
of 3ml Ethanol with 3µl nanoparticle-water-solution
where each droplet has a probability of ρ . 1 to con-
tain a nanoparticle. This solution is sprayed through
a metal funnel to direct the particle flow towards the
trapping region and to possibly slow down the droplets
to increase the trapping probability. We achieve a trap-
ping event around every three seconds of which > 50%
can be used for experiments. Cluster trapping events
can be identified by measuring the brightness of the
trapped object on a CCD camera in real time.
